The association of body size, lifestyle, and medical conditions with renal cell cancer risk was examined among 161,126 Hawaii-Los Angeles Multiethnic Cohort participants (1993)(1994)(1995)(1996)(1997)(1998)(1999)(2000)(2001)(2002). After 8.3 years of follow-up, 347 renal cell cancer cases (220 men, 127 women) were identified. Renal cell cancer risk increased with increasing body mass index in men (multivariate relative risk (RR) ¼ 1.06 per unit of body mass index, p ¼ 0.001) and women (RR ¼ 1.07, p < 0.0001). The relative risks associated with being obese compared with being lean were 1.76 (95% confidence interval (CI): 1.20, 2.58) for men and 2.27 (95% CI: 1.37, 3.74) for women. Hypertension was associated with renal cell cancer (RR men ¼ 1.42, 95% CI: 1.07, 1.87; RR women ¼ 1.58, 95% CI: 1.09, 2.28). Smoking was confirmed to be a risk factor for both sexes. Among women, diuretic use was associated with increased risk (RR ¼ 1.63, 95% CI: 1.04, 2.57), whereas physical activity was associated with reduced risk (p trend ¼ 0.027). Alcohol consumption was inversely associated with risk for men (p trend ¼ 0.045). Compared with nondrinkers, men who drank !1 drinks/day had a 31% lower risk (95% CI: 0.49, 0.96). Results show that body mass index, smoking, and hypertension are risk factors for renal cell cancer in both sexes.
suggest that increased intake is associated with lowered risk (19, (22) (23) (24) .
Our goal in this study was to assess the independent effects of body size, lifestyle factors, and medical conditions on RCC risk for men and women from a multiethnic cohort study.
MATERIALS AND METHODS

Study population
The Multiethnic Cohort is a prospective study designed to identify environmental and genetic risk factors for cancer. Details of the study have been published previously (25) . Briefly, recruitment began in 1993 and was completed in 1996. The cohort consists of more than 215,000 men and women (aged 45-75 years at baseline) who were mainly African Americans, Japanese, Latinos, Native Hawaiians, and Whites living in Hawaii and California. Each participant completed a self-administered mail questionnaire that inquired about diet, demographic factors, anthropometric measures, personal behaviors, medical conditions, and family history of cancer. Follow-up for cancer incidence and mortality entails active contact with the cohort members as well as passive computerized linkages to cancer registries and death certificate files in Hawaii and California. The institutional review boards at the University of Hawaii and at the University of Southern California approved the study protocol.
Incident RCC cases (International Classification of Diseases for Oncology, Second Edition, code C64.9) were identified by record linkages to the Hawaii Tumor Registry, the Cancer Surveillance Program for Los Angeles County, and the California State Cancer Registry. All registries participate in the National Cancer Institute's Surveillance, Epidemiology, and End Results Program. Deaths within the cohort were determined by annual linkage to state death certificate files and periodically to the National Death Index. Case ascertainment and death information were complete through December 31, 2002 . The follow-up rate is 95 percent; National Death Index information was available for the remaining 5 percent of the cohort.
Participants with a cancer diagnosis (except for nonmelanoma skin cancer) before baseline were excluded from this analysis (n ¼ 21,526). We also excluded subjects whose energy intake was extreme (values outside the range of mean AE 3 standard deviations) (n ¼ 8,220). Subjects with missing information on body mass index (BMI) or an implausible BMI (outside the range of 15-50 kg/m 2 ) and missing data on smoking status, pack-years of smoking, physical activity, diabetes, and hypertension were excluded (n ¼ 24,953). As a result, data on 161,126 participants were available for this analysis. Excluded subjects were slightly older than those who remained in the analyses, but they were generally similar with respect to other risk factors.
Statistical analysis
Exposure data were obtained from the baseline questionnaire. BMI was investigated by using established categories . Exclusion of participants whose BMI was <18.5 kg/m 2 (n ¼ 3,891) did not alter the results substantially. Weight and height were analyzed by using gender-specific quartiles. Smoking status was categorized into never, past, and current. We also analyzed smoking by using pack-years of smoking. Total intake of alcohol (grams of ethanol/day) was investigated by using a genderspecific median among drinkers (men, 10.9 g/day; women, 3.3 g/day). The physical activity questionnaire was designed to reflect a participant's behavior during an average day in the year preceding questionnaire administration. Responses to questions on hours spent, on average, each day in sleeping, sitting activities, strenuous sports, vigorous work, and light and moderate activities were aggregated into overall metabolic equivalents of activity, as previously described (26) . Total physical activity (metabolic equivalents of activity per day) was then analyzed in terms of gender-specific quartiles. Physician-diagnosed hypertension, diabetes, and kidney stone were reported as yes/no on the questionnaire. Diuretic use was categorized into never/ever.
Relative risks and 95 percent confidence intervals associated with these risk factors were calculated by using Cox proportional hazards models. Age (in days) was used as the underlying time variable in the Cox regression starting with a participant's age at entry to one of these three endpoints, whichever occurred first: date of RCC diagnosis, date of death, or end of follow-up (December 31, 2002) . Subjects who moved out of California and Hawaii and for whom no death information was available from the National Death Index were assumed at risk and were censored at December 31, 2002. Renal pelvis cancer cases (code C65.9, n ¼ 46) were not included as cases, but follow-up was censored for these subjects at the date of diagnosis. Cox models were stratified by ethnicity and were performed separately for men and women. Tests for linear trend were conducted by fitting the medians of each category as continuous terms. We also calculated the relative risks of RCC for combined categories of BMI, smoking, hypertension, alcohol intake, and diuretic use; for this analysis, Cox models were stratified by sex and ethnicity and were mutually adjusted for several risk factors. The likelihood ratio test was used to test for statistical interaction between risk factors with respect to RCC. The test compares models with the main effect only with models that also include an interaction term for variables of interest. We checked the proportional hazards assumption by adding interaction terms between log (age at endpoint) and exposures of interest in Cox models, and we found no evidence of violations against the proportionality assumption.
The population attributable risk percentage was estimated by P e (RR ÿ 1)/RR, where P e is the prevalence of exposure among cases and RR is the multivariate relative risk. All p values are two sided. Statistical analyses were performed with SAS 9.1 software (SAS Institute, Inc., Cary, North Carolina).
for an average of 8.3 years and a total of 1,348,881 personyears. For both sexes, the average age at diagnosis was 65 years.
Characteristics of the study population are presented in table 1. The mean age at cohort entry was 59.3 years for men and 58.8 years for women. Japanese Americans constituted the largest subgroup within each sex, followed by Whites, Latinos, African Americans, and Native Hawaiians. A majority (two thirds) of the ''other'' category comprises Filipinos. The prevalence of obesity was higher among women than among men (18.0 percent vs. 13.8 percent). Men were more likely than women to be current smokers, and male smokers reported higher mean pack-years compared with female smokers. Compared with women, men also consumed alcohol to a greater extent. The prevalence of hypertension was close to 40 percent in this cohort, while the prevalence of diabetes was lower at about 11 percent. The prevalence of diuretic use was higher among women than men (24.2 percent vs. 19.0 percent). Compared with women, men reported higher total physical activity and average energy intake. The prevalence of a family history of kidney cancer was low in this cohort ( 0.8 percent). Table 2 shows the associations of body size and physical activity with RCC risk. BMI was positively associated with risk for both sexes. The multivariate relative risks associated with a one-unit increase in BMI were 1.06 (95 percent confidence interval (CI): 1.02, 1.09; p trend ¼ 0.001) for men and 1.07 (95 percent CI: 1.04, 1.10; p trend < 0.0001) for women. Compared with a BMI of <25 kg/m 2 , overweight was associated with a twofold (95 percent CI: 1.31, 3.15) increased risk for women. Overweight status, however, was not associated with RCC in men (RR ¼ 1.14, 95 percent CI: 0.84, 1.55). Obesity was associated with increased risk for men (RR ¼ 1.76, 95 percent CI: 1.20, 2.58) and women (RR ¼ 2.27, 95 percent CI: 1.37, 3.74). Although the association appeared stronger in women than in men, the statistical testing showed no evidence of interaction between sex and BMI (p ¼ 0.318).
Weight was positively associated with RCC risk for both sexes. In the multivariate analysis, the relative risks in the highest versus lowest quartile of weight were 1.52 (95 percent CI: 0.84, 2.75, p trend ¼ 0.005) for men and 3.39 (95 percent CI: 1.71, 6.72, p trend < 0.0001) for women. No significant interaction between sex and weight was observed (p ¼ 0.254). After adjustment for weight and other risk factors, height did not show a statistically significant trend in RCC risk for either men or women. We also assessed the association between RCC and the following factors: BMI and weight at age 21 years and weight change (between age 21 years and baseline); none of these factors were significantly associated with risk after BMI/weight at baseline was included in the model (data not shown).
We observed an inverse association between total physical activity and RCC among women (p trend ¼ 0.027) even after adjustment for BMI and other risk factors, but not among men (p trend ¼ 0.806) (table 2). The test for interaction between sex and physical activity was borderline significant (p ¼ 0.074). The separate analysis of either moderate or vigorous physical activity showed no significant association with risk (results not shown).
Associations of smoking and alcohol consumption with RCC are shown in table 3. Smoking was related to increased RCC risk for both sexes. For men, a significant increase in risk was observed among past smokers (RR ¼ 1.51, 95 percent CI: 1.08, 2.11) and current smokers (RR ¼ 2.30, 95 percent CI: 1.55, 3.41). A significant dose-response trend with pack-years of smoking was observed (p trend < 0.001), and men who were current smokers and had smoked for >20 pack-years had a 2.3-fold (95 percent CI: 1.41, 3.62) increased risk compared with nonsmokers. Among women, current smoking status was significantly associated with risk (RR ¼ 1.71, 95 percent CI: 1.04, 2.82). Although the trend was not as strong as for men, a dose-response relation with pack-years was also observed for women (p trend ¼ 0.022).
In the multivariate analysis, alcohol consumption was associated with a decreased RCC risk for men (p trend ¼ 0.045) (table 3) . Men who drank at least 11 g/day of ethanol (~1 drink/day) had a 31 percent lower risk (95 percent CI: 0.49, 0.96) compared with those who did not drink. Alcohol-RCC association among women was not as obvious; the trend was not significant (p trend ¼ 0.502), but, compared with nondrinkers, drinkers had relative risks of less than 1. No evidence of statistical interaction between sex and alcohol drinking was observed. We also examined the associations with specific alcoholic beverages (beer, wine, and hard liquor) and did not observe a significant association for any individual beverage type (results not shown). Table 4 shows the association between medical conditions, diuretic use, and RCC. In the multivariate analyses, hypertension was associated with increased risk (RR men ¼ 1.42, 95 percent CI: 1.07, 1.87; RR women ¼ 1.58, 95 percent CI: 1.09, 2.28). To address the possibility that hypertension might be caused by RCC, we repeated our analysis by using a 2-year lag (i.e., cases occurring during the first 2 years of follow-up were excluded from the analysis). The number of cases was reduced to 280 (181 men and 99 women), but the magnitude of the association was similar (RR men ¼ 1.34, 95 percent CI: 0.99, 1.82; RR women ¼ 1.51, 95 percent CI: 0.99, 2.29). Among men, after adjustment for other risk factors, no association with ever use of diuretics was observed (RR ¼ 1.06, 95 percent CI: 0.74, 1.52). Among women, the association was significant (RR ¼ 1.63, 95 percent CI: 1.04, 2.57) and was more apparent among normotensive and nonobese women (RR ¼ 2.54, 95 percent CI: 1.06, 6.05). In the age-adjusted analysis, diabetes was associated with increased risk for both sexes, but, in the multivariate analysis, the associations were attenuated and became nonsignificant. A diagnosis of kidney stone was not associated with RCC in either sex.
We examined the joint effects of BMI with smoking, hypertension, or diuretic use ( figure 1 Restricting our analysis to cases with a clear cell subtype (n ¼ 293) did not alter the observed associations with each risk factor tested. In addition, the associations did not vary by stage of diagnosis (localized or advanced). We also assessed ethnic-specific associations of smoking, obesity, and hypertension with RCC. Despite being limited by small numbers of cases, the associations were consistent across ethnicity (data not shown).
Finally, we estimated that in our cohort, 32 percent, 10 percent, and 15 percent of RCC in male cases and 16 percent, 17 percent, and 24 percent of RCC in female cases could be attributed to ever smoking, obesity, and hypertension, respectively. Overall, these risk factors accounted for at least half of cases of RCC in the cohort.
DISCUSSION
In this large multiethnic cohort, we confirmed that BMI, smoking, and hypertension are independent risk factors for RCC in men and women. We observed a significant increase in risk associated with diuretic use among women, even after correcting for the presence of hypertension. Furthermore, we observed a protective effect of physical activity among women and of alcohol drinking among men.
The most consistent finding in epidemiologic studies of RCC is the excess risk for individuals who are smokers, obese, and hypertensive (4). We confirmed that smoking is an independent risk factor for RCC in men and women. We also found that RCC risk increased with BMI for both sexes. To our knowledge, five cohort studies with more than 200 cases have investigated BMI as a risk factor for RCC (8, 9, 18, 27, 28) , and they all showed a higher risk of RCC with increasing BMI. The proposed mechanisms by which obesity affects risk include changes in hormonal patterns (increased levels of insulin, insulin-like growth factors, and estrogens), increased glomerular filtration rate and renal plasma flow, and increased lipid peroxidation of the proximal renal tubules (5, 29) .
As observed in our study, previous studies have reported that the magnitude of association between BMI and RCC is greater among women than among men (9, 28) . Among females in our cohort, an elevated risk was observed starting with a BMI of >25 kg/m 2 , whereas, among men, elevated risk was apparent among only those with a BMI of !30 kg/ m 2 . We also observed that the relative risk associated with being obese was greater for women (RR ¼ 2.3) than for men (5) have suggested that the gender differences in the BMI-RCC association observed in some studies can be explained by the different distribution of BMI among men and women within categories; for example, women are usually more obese than men in the highest category of BMI. In our cohort, mean BMI in the obese category was higher in women (34.6 kg/m 2 ) than in men (33.4 kg/m 2 ), but our results did not change when we excluded from our analyses subjects whose BMI was >35 kg/ m 2 (n ¼ 7,750). Despite the fact that the number of cases in our study was rather small to make a definite comparison between genders, our findings suggest that the threshold for an effect of BMI on risk is lower for women than for men.
In our study, hypertension was independently associated with RCC in both sexes. The biologic mechanism by which hypertension affects risk is unclear; it has been hypothesized that lipid peroxidation, which is increased in hypertensive individuals and has been linked to tumor development, might be partly responsible for the increased RCC risk (29) .
Consistent with results from other cohort studies (7, 9, 12) , we found that women were at a higher risk of RCC associated with diuretic use than were men, even after correcting for the presence of hypertension. Several case-control studies have shown that diuretic use remained significantly associated with increased risk for female nonhypertensives (30) (31) (32) (33) . We observed that the association was even stronger among normotensive and nonobese women, which suggests that diuretic use could be an independent risk factor for RCC. The association between use of diuretics and RCC has some biologic plausibility, since diuretics affect renal tubular cells, the site of origin of RCC (34) . However, the reasons why women are at higher diuretic-associated risk than are men are unknown. Possible explanations have been proposed, including a higher prevalence and intensity of diuretic use among women than among men (total chemical burden to the tubular cells may be important in determining carcinogenicity) (34) and higher estrogen exposure in women (estrogens have been shown to enhance the effect of diuretics in renal tubules in animal models) (35) . Interestingly, we observed a stronger association among current users of hormone replacement therapy (RR ¼ 2.57, 95 percent CI: 1.17, 5.64) than among nonusers (RR ¼ 1.15, 95 percent CI: 0.59, 2.21), which supports the latter hypothesis.
A role of physical activity in the development of RCC is plausible, since energy expenditure is an important determinant of obesity. However, the epidemiologic evidence of an association between physical activity and RCC is weak. Of five cohort studies that investigated this association (15) (16) (17) (18) (19) , two found a protective effect with increased occupational (15) and recreational (17) physical activity. After adjusting for BMI, we found that total physical activity was associated with a reduced risk for women but not for men. Whether this gender disparity has a true biologic explanation or is caused by residual confounding is unclear. It is possible that we did not completely eliminate the effect of BMI given that BMI is a stronger risk factor for women than for men and that, generally, women with a higher BMI engage in less physical activity than lean women do, and vice versa. Further studies are warranted to confirm our findings.
A growing number of cohort studies have reported a protective effect of alcohol drinking on RCC risk for men (23) , women (19, 22, 36) , or both (24) . In our study, alcohol drinking was protective for men. It is possible that we did not have sufficient power to detect a significant relation for women because so few of them reported drinking alcohol. Among White women who reported the highest rate of alcohol drinking in the cohort, no significant association and dose response was observed, suggesting that alcohol may not be a strong risk factor for women. The mechanism of action by which alcohol reduces RCC risk is not established. Obesity, a known RCC risk factor, increases insulin resistance, and alcohol improves insulin sensitivity (24) . Our results contributed further evidence that alcohol is protective, but additional studies are needed to solidify alcohol as an independent protective factor for RCC.
Our study has several strengths and limitations. The strengths include its prospective design, exclusion of subjects with cancer at baseline, and the ability to include most risk factors for RCC. One limitation of this study is that, despite its large size, because of the rarity of RCC, we had relatively small numbers of cases in certain risk factor categories, so some relative risks did not reach statistical significance that might have otherwise. Another limitation is that our analyses were based on exposures collected at baseline and did not consider changes during follow-up. Lastly, although the physical activity questionnaire has not been fully validated in our study population against a ''gold standard,'' it has been pretested to assure that subjects could understand the questions, compared favorably with a different survey instrument administered to an overlapping set of subjects (25) , and is comprehensive.
In conclusion, we confirmed that BMI, smoking, and hypertension are independent risk factors for RCC. We estimated that at least half of the cases of RCC in this cohort might have been prevented by eliminating these risk factors. Despite the compelling epidemiologic evidence, no credible mechanistic hypothesis for the association between these risk factors and RCC has been tested. Future studies incorporating biologic markers are warranted to understand the mechanisms underlying these associations.
